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3b.. .V-I CIRCUIT 

4a . .PEAK HOLD CIRCUIT 

4b.. .LEVEL SHIFT CIRCUIT 

4c... TEMPERATURE COMPENSATION CIRCUIT 

4d... AMPLIFICATION CIRCUIT 

(57) Abstract: A displacement-detecting device capable of compensating a change in an impedance temperature coefficient of a 
coil relative a displacement of a core. The displacement-detecting device includes constant current- supplying means for outputting 
a constant current including alternating current, a coil portion to which the constant current is supplied, a magnetic body core held 
so as to be movable relative to the coil portion in a predetermined movable range, a signal-processing circuit for obtaining, with the 
constant current being supplied to the coil portion, a displacement of the core relative to the coil portion based on a change in an 
output voltage from the coil portion, characteristic value-extracting means for extracting a characteristic value (VI) from the output 
voltage from the coil portion, and a level shift circuit for adding a level shift voltage (Vsh) to the characteristic value. A temperature 
coefficient fluctuation width, in the movable range of the core, of the sum (V2) of the characteristic value (VI) and the level shift 
voltage (Vsh) is smaller than a temperature coefficient fluctuation width, in the movable range, of the characteristic value (VI). 
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{1 (VU £»a-t-5#Stfi&»U^ISi:. ^Stlfiicu/<;u^7 hmiE (Vsh) £*D;ia U^)US/7 HI]8&££^ 4$ 

«tt (vi) i i/^jk>p hmiE (vsh) ofp m) a)3T<Dnri!ifisffli=tj{tsas«ja^i!its*<. (vo © 
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QBfflS 

5 

4232^ 3KS^»SB5 8 98 3OO#CiaWSn"C0\5 ! 6(Da { »S o 

tt, 143CS1-cfcoC, *B1$ttSg5 00 3258§CIBS8£nTU\3i£lB 

Ettb^Mia, upi<Dfiatt»:2iCcfcs-r^t:-^^z c-ry^osy^ 
^b<!iS*iiS!-rScfcoiczi-r;usB2Z) t fiFSJ$nT^So s^sst)^ d-hi/Sb© 

3SO(D«a5«0tUT. B*4iW««F4i«2 OOO-I 86903^|g 

-fe^tt&x ^44(C^Td:olC, ««tbflc|Cjfi»|5||g-srS0IE2/^^h2O1 
25 0E$/v^h2O1 t5tlg>t2O'2o'-cae^nT:0ig5/v^h2O1S 

^t-r.sFgni^tsi^s/^^ h2o 1 (Dii^icjiiiiuT^ifl-r-SFgsin^cDqi 

ffi)^^202t, F9Jl±lCP^IBM^ns ^H)-r§qJil)^^202<DM^ 

202a, 202 b^A?cD«^?LicttsAto uxmmiz^^mmtmm. 

£&3cfc 5 ICcpi^Ull ^raM^lC^ffl^l^ 1cl 2 00)12 >tMD 2 O 3 (2 
30 0 3 a. 20 3 b) SfflmaaOTSJ!»»©giBttf?«#S±£t*s 8$a#20 
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2a, 202b<7)-fc^+t=]-l'JL'203a. 2 O 3 blZW§-&lhX<0\zmOT3i 
l>Sffli»flSl^bS«ai«l2>1t0IB2O4d:v 1zytt<)b2 0 3 a, 20 

3 b icsssnsn-r ;nBSft€«tU"r«fe«)©iefit*2 o 5 a. . 2 o 5 b tzftzm 

fiJSSnXt^S. C<Dl2^ttC*fcntt, ^i)£ll&202<Dll*fift20 2a, 20 
5 2bS2O<D-fc>+f-=l-Ob203a, 2 0 3 b CIMMCHASt*, l2>tt=l 
■<Jl203a, 2 0 3 b(Dg< > e-#>^(D^b£t?>tMg)S§2 O 4TM£tti 

UfrU£#Sx -tZ>tt=KJU20 3a, 20 3blCqJE]^i$20 2<D^ 
202a, 20 2b#BAUTU&l\^g!|*llTI3* ■feVttD-l'JU2 O 3 a, 
10 20 3bCD=)<JU<>e-^V^«=l-<;U^(D'r>t:-^>^^T!^oT 

203blOI*&f$:202a, 202b*mAOT^Sfca^T!«* "feS/UZH 
;U203a, 20 3b<DD-fJU-r>e-^>^«, =l-r;b#»(D-f >tf-^ 
^CSDxT15af$2 02 a, 2 02b ©MAlCcfc§=l-f JU< ^ tf-^>^(DiiSO 

mitzft&CDT?. ^6<JlC-t2>+tD-rJU20 3a, 20 3 b IOI*B{$:2 O 2 a, 

20 2bzmxuTi\»o^s«iKBp(Da««a<t:H«3a«. cnia, sab 
20 204(D*iiEi5)s§2i o-cT^s^HJ^y^umsmm^^izox^ n 

&m-c&&mGi&imgm&mMttc£nz&z>. 

30 -f ;ug|JC>(irUTqrililZiSJf^nS5SStt^Dp<i:, 5£m^<DiJ^JUg|J/\<Dm3£-R 
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D-OU8BC«t&U SeSWSEdMa (Vac) tmSmE&to (Vdc) (7)*0T!&§ 

D-<;ugiJ<Dtiit]«jE<Dtf-{7fi (vi) pm&^mmmcttv&um&$mmm 

10 (7)fflg«»KO^bSII»ma0BBTr»«T!^S. 

»<tiaaB«»a)iidoBsi«<oa>a<ttei os, tf-^is cvd <dm&&i 

15 ttaSIUB£l%mBEA5d (Vac) <OM«a»mBl(Hd:0'J^<3aiSJ:aC£tt£ 

25 «E<Dtf-d7fi(Dfflfi««<DaiMiS/J\^<-Cg« 0 

«BES^8S«ffilca»U^*ES«^"srSf6«lalfiBi:«ffi*»eS»@IBBi:SS 
£K IBE«E(DiaSIMSffii:SESlE®E®lJiaf** tf-^H (V1 ) OfiAfiRfiaOil 
•Btf&mEErttt (Vac) (Dffla«rasB«Bd;0'J\^<aScfc5C»5£^ns. 

30 ^ v sagBB^m^^ssE»«ffitt=ft»-ca5*c:ta»B«uo^ 
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(D^mmmz. ¥-om cvd <DMmLmmt&&mm&tt (vac) am 
•Ba^as««raja cvac) ©as«»agBi««fco/j\s<3ascfcoK:sfc3£^ns 0 

20 BEftsfi-caBscta^ lav, 

-out, □•f^CiiJiHgsggic^^n, □PcD^teic-r^tf-^^/^^bu 

25 fei e-^ii cvo <oufl«naM^QmEBAd cvac) cDumm 
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=r*>$)\, h u ^ v^#fgic<£o-ce-^fi (vi) G>mmm&nmm&&m 
15 ssssau^jeajssD-f ;usBc«»-r«a>c:wu *stizfttii&ai3« =k 

^l/8B<omi}«BE^6jibtBUfe1$»tt CVD iCL/AUU^h^EE (Vsh) SiOTt 

«-at>a, *aB<D£tiH*ttiBBtt« sssasftsacxeassstba-srsjea 

20 ^;i^c:«uTBiiic:«tens«ttitDPts jea»©3^;w»A©iwgT. 

^5q.sid!S{csd^.t. D^i^DUjaaffifrsisaa cvd ^tb-rs^aa 
am#at, teaacix^i/S/^haffi cvsh) sao^-su^us/^ hsess 

S3k !f§afii (V1) tb^Jly^hlE (Vsh) CDfD (V2) (Diffie°JDi5B 

25 cttttsaaaa&natfnaa cvd (DaiffiqjBttHc&rreBAaaaiii 

^^<7)^sii^§c<5:/on?s> aoamnoams&fUDBAaactt 
30 tf-^>^©aa«a©a<bsaaaa»T?aaT!««en;\5«i»3t«B«. ft 
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'j>3ft<t ! 6-»S98a , rs#asg©c<b:« t »^ui/\. aiaas/ hEzea-r-s 

10 HUTfecfcl/Vi 

15 'j:7b-S/3> ORE) SUM** IEffillCfjoC<i:^l!S§o 

iii!)iCcfcoTS=]p<7)zi-r;uFSA<7)}fAM»«b-rSo xttzKJi/OflNfcDA 
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s§i$siu si/Mzigfitti5c:J8^-rscfc5c:i3«sns— ssro)ra«i3-r;i/ 

IC* itiiSO^$fiJl«0(Dll1 DP(DloI13]ICd:oTmi DPtDP^HilD-fJl/I^^CD^ 

hksso. sfii^ttisiBcDmsssrjrcnsfflai-rss/^xA (ecu) 

25 

l§M IS* *#gBJ§<Di§1 ^^»IC##5gim£Uj$SBa)igg8EIT2&-So 

®3tt* ^I2£D A-A ' »C»I^Sasffi«iiigEB(D»nSiai!aBS 0 
30 i4Sx ^3(DgB5dS2;^T?^-S„ 
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mete. mmm^^mm(DZiT(Dmmimm^zi^)v<D^ y^-^ry ^(Dmm^: 
mite. mm\tL^mm(DZiT<D^nmstzi^)\y(D\^ttmEE(Dmm^m-^m 

5 T?3d§o 

mate. mmm.^mm(DZiT<om^n^zi^)b(Dihtim&<Dummm(Dm 

m9tes mmmm^mm(DZiy<Dm^mmst^)i<D^-om&coummm(o 

10 mi otes m^^mmcomm^m^ctmmmmmmcD-m^ws^mmm-T! 

sub, mmismthmmcDmmm^cD-ismm^mmmniB^o 

mi 3tes mmmm^mcDmmwtm^cDmm^w^mmm-cm^o 
15 miAtes mmm&\&mm<D®ffimf&<Dmm&m'$mTz& : g> 0 

mi 5tes ^T<Dm^nmctzj^)i(Dmt3mz(Dummm(om^m^rmmm 

mi etes ^mBMcDmzmmmmcDzi^ )[,<Dmm®ffi&m-$m-T!&&o 
mutes m&s$}m\z<£&mm(Dtmmmm&m?m'cmz> 0 

20 1^1 stes ft&wmz&&mm<D&fammm&m?m-z:&z>o 
mi 9tes xmBmmimmmm<Dmffl&&wm<Dmmm'T!io&o 
m2 otes *mBM(Dm3mmmzftft&mfo&&mm<DmffimTz&z>o 
m2 1 tes mm&.&&mmcD±wmT!&& 0 
mz ztes mmm-^mmo^ziTcDm^mmctzi-oKD^-e y\z-&yzt<n 

25 umfai&(DMm&m'$mi?&&a 

m24tes m20(D^iim^mm\zis^^>z\7'(D^mmst^'-{P7n-)b 
30 m2 5tes m20(omm.&&mm\zd3v&i]j><Dm&nmst£-t?7\s-)i\zm 
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5 T?£So 

H)29A~29Eia, gJl^lC3DM^§mi4^(D^Jg^y^tD<;U<D^-1' 

is3oa~3odi3u ziTcommm^mTm-^m^o 

10 l^3 2A~l^3 2EISs X-/$?S^U^I3P(D^6gB^-r^T?^S 0 

1^3 5ia, ^34£D^©^tb^M(DgB^®^|-C^So 

IH3 7I3\ HI 3 6 (D^ffi^tb^BCOglJ^SfrSHlTS-So 

H3 8A 33d;0H)3 8B IS, ^BJKDm7HM^lc:^{^-§^f£lfl^^^Tg! 

20 ^ 3 9 A tt£Um 3 9B IS, ^HBg<D^7^fil^e(C33I^SS0(D^eifl^^ 

^4 OA 33cfcOT4 OB IS, ^l|aJi(D^7^IW^C33l^-§)MICSy(D^ts5fl^ 

25 1^4 2IS, ^4 1 <Dg©&fcfc^M(DHS§g]TraD-So 
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ftllCSSSIM 3aS^U/£qJi}^Diy^1 3ct> ^SU1 3alC-^M$n, 

□-f;U2©ffiftMjb«»iE-9-S^«)fl!)ffl*»iEfll8P«1 2tx 
10 IC&gU5B£EBl/C@5rrSA05»d?1 4t> ^f3£(D^g^(DBaiBSl6 1 d 
cCffi£©«jfi«f RtfJIHBI ac(D&ffi«2ffi&BBO££Bttl dSD-TJI/ 

2<D-f^e-^>^zic^fo^§D-i';i/2<7)Mm^iEVs cgtam^) <DtT 
15 sa»««sjraBiB4 =k;u2«, mmm i danwe^ru 

ft* ^sefiwfflrctt, 'mmyuvoi 3«wsu isHraojtfo 0 #69 

20 0° iC^CUTctfoT. =KJU2(cmAUT:(/^=]P1 t7)gp^/j>^<^ o 
Jg«9fEBK3», ffiEO^SStOBaEBBEVdc' 0^t©|«»« f J&tflg 
iPIVac' (D^^E^BgUcJ^EVd' 3#g£BES 3 a H 

^BK3a30«ttli|-rS36BffiVd ; SffiBSK I dCS0W3«E-«Sii3HSIB 
S§3b£T?m<*n§o 

3#6ll-OI/2C3SSlSBSS I a c £l€H3ICBSiE«aE I dcS«IS^§o ZJ-OU 
2©B3lEffifiiSZdo. 3£9fE«9iEI a c<D?gm&«f lC33rj§3SSiK Vhf- 
^SZac, ZI-r;U2<D(®ffl*ESVsd:«i:, ^EEVsteU IBMEE 
V d c £3SSft®E V a c ctcOTct L/Tv 
30 Vs = Vdc + Vac = Idc * Zdc + lac * Zac . . . (1 ) 
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V1 = Vdc + Vac = ldo*Zdc 4- lac*Zac ... (2) 

5 lOTsicnrrckoicix tr-^nav 1 sirrs* n^^EVdct^aEv 

a c £(Dfl]lC/&§o 

^UT, ^Hfi6JgilcD^a^ai^M«, £^mffiJ&tt (Vac) tH^^ffi^ 
ft (Vdc) <D?DT^SD-r;i/2<DtBt)^ff(Dtf-^fii (V1) (DqISliSa!C33l-J 

s^jg^gtuintf, (vac) <D°iwimm[zisvz>ufgmmm.m 

&mmtfimu\zj${,\Tmm<*n. ^n\z-^(D^-^y^mxx±Wi^umm 
mx<Dm&m'm?z> 0 mxts, mm&th(Dnm&me=o~9o° x. ^tb 

«^(DH^ttPMX)^ST!±1%FSm-Fv -40~+1 30°CT!±2%FS 

15 otj ti^ockoioi^n^o corns. )&mmmmm\z<£&mmwEWkm(D 
mitt>m±i %f smm\zw%m?ni£UQui\zi£&m.m-$ : i>o mu 
£3o°c<!r3"§£, nsfucsi oo°c<oMjgiiii^§(D-ex zD-r^L/gu a <d& 
&mm&umiznoxmii&mumK&-$z>tifa'misicLn€i. i&mmim c&m. 
mm (d^»iipis±i ooppm/K]^TC}Ip^^nl^B^^/^c<^:lc:^■So 

20 RfTMcD^^SEr^PS(Dffs^o^i^ilc33^/^T: : fe, z2-ovzcom)Mms.vs 

<Dtf-£MiIV1 (DUmmm(D®.m<MA (dV1/dT) ^±100ppm/K 

i^TT^ni^ -mumm&(Dffimteummn®&&ttm-$-z>c.£.iz<£<o. u 
mmmm(Dmm^(DmmzdSirt^>m^Lm± 1 ooppm/Kic?§ct^ 

25 £T* f@-y>7Jl/^£i6§ (GCN1 5I&£) UTcZD-OU 2 <D-r 

y¥-#y*(Dnmm&7zizi£muicyyy)b?-$xfo<o. =K;u2(DiS^ 
mKz d c tsas-r > z a c ts. m 2<Dm^m e sutnnt utc^ 

^C^Dy h07c=&<DTf£§ 0 CCTISs -r > t!-^>^ Z^0$s^ 0 exit 

uxm^\zm.mmzmf^^><i:3\zm.muico cms. siauBc^aojfitMa 
30 tSDti/\§ 0 ^)6ic&, mmum • -4o°c, +25°Cx +85°c* +1 3 
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0°C-£<D5=-##Zac iz. Zdc <D^n^niZ-D\,\Xm&ftZl\& 0 

mmmm+ 2 sTscasovc* ii^jgjrczdciai 88Qs nmiftRsi 1 

Zac = (ZO + Z ' * 0) * {1 + (# O 4- # ' * O) * T} ... (3) 
5 tzm&tls ZO=636Qs Z'=-3. 48Q/deg. /30=478ppm 
/K. £'=-2. 49ppm/K/degT3Bl9, 0(3©IS3* TBS1© 
85ft»B»&-g-, CCT, S3fl-r>t!— 5^>>lZao<DfflfiE«»H:0 = O o 7? 
I3478ppm/K, 0 = 9O° Hl£2 54 p pm/K7!25€>(DT!x ^<Dg® 
IDIA (dZac/dT) tt224p pm/KCiSl/CU3. 

10 ^ic % seassiaiiBs^flamsiE i dc=i. 5mA, ^asmssi ac=0. 
»f ®3ass^bsi5S-eDtuT±i3©s5 (2) cfc«9, ^jizmmomsms. 

Vdc, ^SSiEVa c, Sa=K;U2M^C7)tf-^aiEV 1 S^Dy hUc 

15 ^8^65d^-ScfcolCx BIS#90=p" ~9 0° CHo"C„ bf-^7^!EV1 
<DMffi»«lB45O~5OODpm/K'7!fc0* *<DS1M1A (dV1/d 
T) SIS§5 0ppm/'KT^«9s SSSS-T >tT-^>^Z a c (DMMBCtb'SIE 
micm^gHiCJR^oTt^So «£oT, MlEV1C470ppm/K 

20 ^TS-So 

ttfcm&3&mtt&&m9M\ ac=0. 3mA0^^ gftEC 
SK I d oSfi<bSUfell6<Dfc:-d7«ffiV1 a)UfiMK%B8^:PS«IICfMIL/ 

25 ^Idc fiflW>TC«ot, «MtEV d c O«aEflWC3BW0\X15<. ^7c, 
a^SlMBWSO , e-^EEV1 IC£^■§il^ffiJEVdc(3DS!I^^S(/^ 
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V1/dT) «/J\£l,\=&<DlC£§7X ^§L/^UT!i&fD^o OTctfoTx 

SiEttffEl dcsiawctBJgiiaascDJitiocoa^sct'feaso, irasn 

«)S»13«t tf-^7*ffV1©fflJBflRj»(DSE«|illA (dV1/dT) <D{iI£ 
5 frBttEMttl dc<DMIEfI£ji^£cfclAC<!rlC&3o C(D<t^ #§Hls)S§3 
atfA^nUEWdo' taiEVac' t«ft/7Bfi«C«, 
JEW I d(DS3IW33S I d ctafflHBStt I a c ttDMdSIWtfSCfctf-CS 

So 

10 ^JEV d c (C>^-r§^«EV a c CDtbWli^-r^COT!. ^^f^JilE 
C^iR-9"§Cd:ICc^o"CV dctVac £(Dl«SMIEICi8^T§C<ir#T?S 
So -bI3<DBfoS"CB:* &3ifflffiH dc, ac> f <7)&fi£& 

15 EV 1 ©iflgif 14fcgfb«. 

^8\bg)97^6tD^Sd;-5C (dV1/dT) <£>MAMtf'i>&lA 
Jl^lCldU (dVdc/dT) ©R«S^<S^ (D}f AS^OMl 

aCB, (dVac/dT) <Di2f§£XS<§l:t§o ^n«tf-{7«ffV1 E 

20 □?1(DIAii:d;5^ CdV1/dT) (Diitts (dVdc/d 

T) <D<fi£ (dVac/dT) (Diit^lC^So £6E* D?1 ©BAMT^ 
^ (^Hfifi^T«H^0 = O° 5SS3) HB<D (d Vd c/d T) (OmtZs 
(dVac/dT) cDiit^Tf^S^ja^Scfco^-rStx (dV1/ 
dT) tt % □7'1<DMA«70^tMi^ (SSitSEE V a c <Dfi£ffi»0)&ttS£ 

25 fi9fe*EV d c £.$53ME. V a c #3E0O C=fc. D7 7 1 (DIAI 

( d V d c / d T ) C3BI >tt£JB 0 , bf- d7«EE V 1 0fi£ra$(D&I}i|6 A ( d 
V1/dT) S/J»$<UWU. 
36C N (dVd c/dT) (DiHtf, DT 7 1 (DftAMH'JUDiflaCD (dVa 
30 c/dT) HBEiBlUSSfc, =lP1<DRAMfl*(Dil^<D (dVac/dT) 
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■1/dT) s^s<rs«. 

Zacs H^a^l dCx &8mM\ ac, RaiS3fia f ©SSJEtfiRKSaiE 
5 fitCtftsei/Cs (dVdc/dT) (dVac/dT) eWIWySCtJjfT? 

^ICs il^iia I d Cx £9fE«SK lac, Rtf AM f £&£&fi£ftfiE3 
#^S7D^lCOl,\TJzn^§ 0 XE«SfE|B||g3e, i1 OIC^olC, Vdc' 

±v a o* (omE.&\httz>§%mm&3 atzmR-mmmwms&sbt&sm 

15 fiX^nS. ^Jg0^3a[Sv 611 1IC^cfcolC % D^^-^CPI t v =l 

D>A°L/-5>CP 1 ©J5lEA£)8fr?<!:23> KraClgttUTeffVc c/2£ 

ffiR4£, JS^Xt)iSs : ?lCjgST;R4cDfi!SBSlt^U ^SIgAtlW?iCB9in 
20 }JIE 1 SglU^^p^^oP 1 ^PX^OP 1 CDSiSAtlSSB^tttl 

>/\°b-#CP1 <D^S«Aa(li?t<DraCilgRL/feffi^R2tx ^f^Py? 
OP 1 (DtbiJfli«dFd:fiHB*»Vo c t<DiaCfil«L/^Jg^R5. R6<Dil$III§) 

25 -7Dx ttE-*SES&©Eg 3 b Bx ftUffil AiH V c c lC-&i?§£ jglii UcfgJn R 

□-r^l/2CDU^gJgttL/^PNPl!h^>2>^Q1 t^61«fi»c*n«, 

©§ftyi@§B4iatf — £7Abev 1 sto^-ra^asist urtr-^TK- 

30 EfM I 1 tx J£*mm I 1 (Df&lSBlCDU^^SJg^U a:-^-=iu^7 
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sm^mm^s z\^)\,2\zj:^y$&mifauizNPNmh s 5y*>*$Q2tz. 
mmmwv c ctzzioos&mw&u \-^>y^^Q2(D^-^[z^~^m 

^ □•<;uic«M-rsMii}H>'-r>C(D^ : gHx«9i^<^i£>. fi^sasni^cD 

10 □^uMsmsfoDMii^^ ens 
<Db^n<Di^£i^£T§ji^icfcmm?35§o 

^t^-SH^t^io, tbtivoscSJgjfiRS, R6TOff-rsc:ticj;o 

®ma. TE&te&mmmiz&^Ts ummitiznux^m^mm^mm^m^ 
-zmgnzsz, ^ ^jizizTDmtemfa&Bx-cttmtemwtcnd i/dt 

mnB^ B ?<D^ =f%mn&n&. sEm&£mm\zzs7(Dmm;ne&f5im 

^11 1 C33l/\Ts ^lEVac' (DmMmfcmf «* CR3/ (C2XR 
4XR2) ) iZtfcfcilU HHia (R2/R3) ICtt^-So fi£oT, Jg3nR2 
~R6x RaD>^^C2<DiiRa)gJgm^JiIElC^-rsc<!:lC^oT 
ifi^EEVdc' WlEVac' ^{fiR^^^^WT^Ccir^-Cg 

c 2ia$wi:t£n§c t.i$%>{,\iz*b. z)y?yy-c 2-^ummm^mm^r^ 

£6C X ^^HIS3^i$:^>"J$/ii/^ I Cib^n-S^v JStrCR 1 ~R 
30 ft I d c, &mmfa lac. SVflSR f C^««§MMK*«L«Cfcfc7! 
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10 ft* Hfi&#££lQ)S§|3:©1 1 1C^-TIl^li^m^CDtoODlQll^ti^^UTfectl/^ 
-^-XS^^P^HVb e<DigJg!fittlc:d:o-Cv #U®H)S§3 a^4?§I 

15 m&iE<Dummmtzuic:<m\w>&te, 111 oic^«jE-m«j&[is§3b 

20 H1 0^D^m^(gl^3d:«^§^al5l^3 , <D[g|S§l§ji$T?aD 

£Q9iEI9E63' « % £a«5#*aS|5)g8S a c £S9fEBSfcftt&l!E5S d c £ 

IZ&mul&mmAClis »f c c - V e efltglUSP N PI h 
25 =5y*>X$Q8. NPNIh5>^Q5, JgfitR7. R8, PNPIh5 

^Q9, NPNIh^>^Q1 1 <DI1S1JI3S§£:#5;&^ h^S?^ 
Q4, Q5> h5>9^Q6, Q7, h^>$>^Q8. Q9, h3>2?^ 
^Q10, Q1 1 CDg^-httSOMC^^n, h^>^^Q8. Q1 0(D 
30 g^-^-ziu^^iaJSSg^nT^So 



WO 2004/099727 ^T»CT7JP2004/005830 

17 



9£#£&f0* h5>^75'Q12, Q1 3©&^-httStMCj$»l3n, h 

SSiMSS I a c £tt&-?3&9tfi9iE0ttg@BBS a c tfi^SS I d c ^«HS-T 
SEttftEl dct(D^^^|®^JtiaS$/^^UIcf30C<i:^TSSo 36 

10 icia. ^^^hu^^^Ccfcs^feqjti-e^So 

3:7c, e^SQ ! iilim4^D-l';UgI5A(Daitl*a<Dtf-^7iiV1 OMMfiHSd: 
15 TT^So 

J6^TS^D-r;i/8|JA(Dnt)OC:s H1 ^-CDcfcolClK ;U2til^DICil^J®tn; 
Zdc' v ^>^7Zac' aWSHB*?5«»TOzi-rJU«» 
20 A£E§(/\§ 0 CcDtg, I^S§m?5cDilMg^5^;Zdc , , ^»-r>tf-^>>i 
Zac' ©0iSfceCtt*RHffi-Cfci!X it^fgjfi Z d c ' . SSfc-f^ 

fc?-#>*Z a c • <Dtt^M*«ttM£C»RTnB:D-f JI/9IA<Z>flHraE 

25 =r (jgjjtfii) £&s„ mmm&5ti t *y&o&y'ZTimn\gmmi&$i 

Z' dct^Y>tr-^>^Z' ao(Di^75SfiixrUSC<t:lC:S-So £6 
IC, Hmm?5<!:UT:^-<^-H i S^§c: % =J-rJl/2(DMllBB^ffVs©m^ 

±m<DmBM(D<£3lZs □-OI/2C&a»lft I a omemttiiE I d c 
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mmm& Cdvi/dT) ^mmmn\^<n^t)\ w&ioa (dzac/ 

dT) ^(D&om^M'DftK A (dV1/dT) S$6DJ\$<Ti§Ct 
tts A (dZac/dT) £/J\£<-rS7ctf)ia3x DP1 BjMKJ^Wfit 

15 K9Sg*9EE I dcx ^9K«SRI acx HMgfciZ d c, S^ISJ/CZacx 

R^nBcDS^^cD^^jiiE^t^ilA CdV1/dT) tfA (dZ 
ac/dT) <*0fe*S<»0»«C£:aK«l/tt3<. <Sl7L#x D-OU2d: 
UT\ H,%fgtn;Zdc = 1 OOQ (18««50ppm/K) x SSSfcOfc?— 
^>^Zac«±IBcDSi; (3) C33(,\Tx Z0=800Qx Z' =-8Q/d 

20 eg, j80=346ppm/K, =-2. 35ppm/K/deg^§ 
fe<D#B0x ^C&L/TlSSMiai I d c=0. 2m Ax &&EttfflE I ac = 1. 

omA (ttizmmmmo) ^mxicms<om&\z^^^>ya^ k^di 5 

"C&5o A (dV1 /dT) 73<A (dZac/dT) cfciOfeX^&QTl/VS 
Ct^5. JXtCDcfcolCx ¥CftSKMtl d c ^^x^nte? A (dV 
25 1 /dT) JtWJ>«£>ttt!HUftl, V, 

(m2Hfii^) 

«fili^^T?Bx A (dZ ac/dT) ^«/J\t»SS3B<D«JBi:Ur, 13 

30 -r;i/2(7)-fi/tr-^^z(DSg^b^x dpi tD^^tcTDtes^teiCcfc 
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B1 6C5i«3C x □-l / ;U2(0-r>tf-^>^za, M^RstO 
5^*>:*tt#L s£<DBMBtt£WC»S. -f V^^>^J«»L s CIS 

2i(0iiS§l^§ o B17BU tSfifflSICcfcSfflaKDlgffCttSBS^-r^ 
BftSStBBOffi^BtflDHflRSm^. BStfO. 3 2mm, O. 16 
mm, O. 10mm, O. 07mm<DB§lc:ffigSY7, Y8, Y9, Y10#£* 

20 ^KSL/-C330, iS^KD^il?, ZK ;uDBatja»»tc«feoasst<o»b 

25 «gRUF#»#0. 16mm 40T, O. 07mm 6OT<D0SE:ffl»Y 1 

1, Y1 2#&**MSOT0*«. ss&stifgfdu =j-r;u©^<o^stfy5 1 ^ 
30 itcofgif£§i;r§ 0 
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^D<^2citxuT:o^t^S(7)agE^bsi8ic:sftt*sse2(Dffl 
^-^y^(D^mmm^tfmo<u^o\zziTizmmmm^m^iz^m^ 

=)P1 ^=J<;U2Cf!A«CtlCcfcSD-r;i/2(D-t'^hf--^>^Z(DlS2JD 

z>j>i &^)i2izMAL,Ti,\z>n€><Dummm&, =dpi ^D-r;i/2ic«A 
iyx^\u\j\MB(Dummmiz^tDii^o[zmuici$.mmm.mp. mmmu^ 

30 u £te&<£5umffi$mmm\&&\,\ 0 
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cct\ -iacagfi^ai$i«SiM-r«8HftfflfiB«0M^i/M 20-13 
mu&s =iFau-sfi«fiT?iftaic/j\s<»sittts^oT:»o^ gic^e^t 

5 L/^oT, =J-f;U2(D-r>e-^i/^Z(Dti2)D(CS3S-r§=Bo1 0(D^m 

pi s«t^«ctcd;oT* -r>tr-^^Z(oafi««s/j\^<u"c, zk 
£1 nfis^cDD-i'^2(D-i'>tr-^>^ibiCcfcoT(s!ie^ttis 

20 ^ICD-<;U2S-r>t:-^^mi:UTfflO\§li^CB=]-i / ^2IC^ 
B=K Jl2iWlSt«iS?BD71 ©PSSBlCBJia^ aSMSIC^^SCcir 

n6©»»B«tws»«d:D!PtfnT:ii3o, »fficpffls«ss#/j\£< % 3^ s$ 
30 <dy ^tr-^^^bs^i*<ixns„ 
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15 -r;i/2IC«jgU ISStL/TD-T ^©raCB^SMESEVd c t^SIt 
S1EV a c tCOitT, ^(ilfi^V out ©3aS«»30»D-f JU2 tLU7> 1 tcD*§ 
»ISEteCcfcoTSffl-9-S«B OSJgi^(D^i£lfi!<^tt) <73SAMti£g|oTU/Co 
^l/CEM 9!C^-rctolC, e^©S0K4S % fll*«tr-{77t\-;i/Kiafig4 
a> Mft§(Klg)EB4cs ?Mti^&?j|{R|Q)l64e« l§^lQim4clT!li^UT, tf 

20 -^m--;UH : ll!^4a^=l-l / ;U2<Dil^ffVs<Dtf-^fiV1 SttiHU lg 
i^if^lglS§4c«tf--^7<iIV1 (C x t!-i7fiV1(Dfifi««tH:ia«tt<ojaw 

n^mwim^mmui:, mmm$g4 d ttiietifli^fj o xmmm^v out 

SK4S, 1*0184 a* L/AUI,^:7 hH)S§4 b>. ffl£fflftglE&4 

Cx liii>Ils]^4dT«5&UT* tf-^m-;UKlQlSS4a^=l-r;U2<DM^ffi 
Vs<Dtr~^7®V1 SffltBU L//K;u*/^hlo)S§4bl3:tf--^7filV1 ICUa:;u 
S/? MflV s h &MBU1c:mmV2&mt> U ^^US§4 c ttMV2G* 
30 fl§9 v 2omitBmoimRTUIHI Uclt^V 3 u 
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□ i'MgillS^cDMII^ttt^gBfr^ ens 

-^7|\-;uj«ll8S4aE:cfc«9D-r;K0a*«E^6^»iia (V1) StttHU C 
(DMffiCUAUUS/^ hBH#U^;i/2/^ h^ff (Vsh) StJD^x =i:P(Z>qja 
ffiHIC&ttSaftlHHMi (V1) £UAMU*/:7hSK (Vsh) <D?D (V2) CDS 

1 CD^&fiSc^tt^g/JMC-rSfetolCs Idc/la cOESX^MSEL/Sd- 

ev2«, 

20 V2 = (Idc * Zdc + Vsh) + lac * Zac . . . (4) 

titan^ (idc * zdc + vsh) jtmawEVdotas. ^ut\ 

25 WC, HSiEtSE I d £SK3ffiE I a c, il^JgtrEZd Cx 3SS&-r>fc?-5^ 
MV 2<Dl6Sft*EE V d c fc£»«BEV a c tOttRDSffiWiBSiBjECBBE 

^■scticsscDTx «9V2(oafltflw<j!aaB«ismic«ct«ss. 
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0° iC&^lCU/ctfoTx =KJl/2ICSAUT(/^§=)7'lCO^^0<^§e 

Z a c(DfflfiflR»£gil/ca3eK SHE-T VfcT-^V^Z a c ISSEffiE^ttSfS 
oT33«Ov Hi5^0^X^l/M5d!DP1 <DD^2lC3rr£SAMtf#<E:o 
5 T*t§XOT0^(H$£^e-O~1 00° Ti3470ppm/lC(Di^§). 

ss^f > ^ z a c a>aa5es»»«7 okhz, mmstn, zdciass 

Q (25"C) iSSfg}S»i;ZdcCD;S)g^ia«3900ppm/ /0 C-C^So 
CC"OT1 9(Dl§J&T!ifttijl/fcfcf--27fiV1 (DSjgffiSifc 2 3 CaVT. 
9IEQ9SEI ac = 1mAtUTx I do/ I a c &mt,&i*Z>Z.£T?£-Omv 
10 1 <Dfflfi0R»<OSEfil«S^ttS«l«l-rSCi:a»7?^, ldo/lao = 1. 0*§ 

@m<D7c*£>ICifi^S^ I d Cv 2&mm lac, JlS2«Cttafi£<b# 

-75s B24iik H20<D**fliiJBffiv7)«|^Tfb^l/$/^hliV8hSOm 
15 V^62OOmV^T!^b^eiSa(De9V2v7)3ag«»S^UT»0x n 
9K*&EI dcSO, UA:;u$/37hfiVshcX>^MI^hS3000ppm/ 0 C 
ttOTUS. CCDH^ N b^U$/:7hfiVsh££tt3t*t*5C£7MB9V2t7) 
fifi«»(D«tttt^Sj|i»«Ctt:««T!S, V s h = 1 OOmVmm<DMS 
(Cx «SV2v7>fflJKfiRjat7)att»^ttS«/J\C^«Ctt^STx'±lBH1 9 
20 ©a^cMfc^RSasctZTCS-S. 

c^6lCx 125(3, H20<D*JtfiTO«O«|j«TIU^U2/^h«V8h<DJi 
h^Opp m/"C#S#S 5 O O O p p m/X5l^ T?»b^51iteflid<D« 
SV2t7)fflfi«»€mL/T330x I dcSO, l^JI/5/3> MBV s h 

25 <zmmmm<D&mm&wmitez:titfi:&s h=2oooppm/°c^jg 

®loC> fi9V2v7>afifiR«<DStatt^ttSS/J\C^SCt«^S-Cx ±13 
B91 9©a6£B«c7)»SR£S«CfcJErcS3. 

Jgfiiil Cffll^«EI2 3(0a6x 200ppm/^ @24t7)a^ *9- 

30 1 45Oppm/ 0 Cx B2 5t7>Bd* «9— 1 300ppm/°C) ^ot^5 
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§vout sfctstj i/cus. tftttm<B&mtM3:ttni&m& v 3 sgf&fi^ 

10 K@i84a£(Z>igi::lMUCfc, fi9V2tt_bl3©35 (4) "CS^nS^to. 

*oT*s*ffifl3»<DU'^i/$/:7 msv s h^u^u*/^ miv s hoi&LSffi 

15 fifCiS^SScfcolC-rni^ □-<;U2^>e9fi&aP8B4<DfflgHttt<7>il(t:S 
IE24(D<£o[CL/a;;u$/:7 hiiV s h S©J» UTfflfi&14©£tote£te 

20 sawbTsigaicia, fflfitt-r^^iCcfcoTSSisi (suss) t©tf-{7 

^(Dl/fObS/Z? hflV s hlCg^Ti§0IPSg4d<D^ (lg|S§^) 

§o ^l/C* iM(gg84d<Dffi£llB£& KDtoTgteii^Vo u t tm&tl 

25 mf7owmtj t &&. 

-f^JUfCcfcoTg^fiZ (&EHS£) "C©fcf-£7ltV 1* il^V2(D)gJg^tt : & 
30 ilflffiUT«aafflfi«j»h\bae»«@g54 c<DM«»S^SCt^^, 
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5 ft, K1*fiS»j88©cfcplCD^;i/2C/WP^«»g«l&UTI691fil-rsa© 
13, B2 3<Defe5CI do/ I ac£1M?3<J:0£« WfEME I dc, 

£7£-L831»3§-C«* D-<;U2(DiBiWEE<De-^7fiV1-S7L<De9tUT:« 
10 §«kffi£fro7:t>SXft □-fJl/2<DMfiSWffi'(D7RhAaEES7c<0©e<S:O-Cfi 
§«aiSlroTfed;<, C<DiSSI35S (2) , SI (4) flontDOC, 
V1 = Vdc + Vac = ldc*Zdc - lac*Zac ... (5) 
V2 = (ldc*Zdc + Vsh) - lac*Zac ... (6) 
tLU&o CCDH^fe* L/*Ul/2/^HfiVsh* U^l/*/? HSV s h(Dftftffi 

15 »haauEciwr*cfc «Pte<ti5[,\-&rift-r5&n<Dmiz-§-z>) ±is 
20 !e*siaas<* 3<;i/2(osiffl8«ff^5xawBEVac<D*sixoii;u _ c, ua: 

^S/7hEBH4bT?HSft«BE hfilV s h) S§xm^<> HS§ 

25 tf-d77|\~J|/|«HIS4aa)»RCADRIftBI»4f SlftttU AD^J£iS8§4 
f ©*«CB^;U2/37hffl41. n£*§tfggB4 2« ii«3B4 3Stt/jfc-g-.55= 
2^U3Mr7aiy{74gS»«!OT(/\3. ^UTs Z3-r;U2<DMHWfiffi<7)t!- 

30 ^>/l/aSSD0UTL/^l/^h^o^S>^;i/il^DV2 : gi±5±)U ffl£ 
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mmm 4 2 m^mmm^m^^mm^vsnmm d v 2 izn uxm \ 
mmo&Gimmv out ^tbtcrso 

10 cmsmtisfm) 

$Rfi£. /t-\»D-f. II^tVU^, SUS430, ^DAd:, ^flScDli 
20 C r 1 1 %<Dflk S i , Mn, P, N U T i &£S^U££M7?Uk#\b 

S2 9AH82 9E ICSaMSKI a c(DflK« f £1 OKH 30KHz, 
25 50KHzs 70KHZs 90KHzC«frs, Sfi«<D3S»-r>e-^V^ 

fiK^>u^) ttfiMffaiaiittftwscta^^s. tsc, sus4 3o ci 

30 (DZJTttW£UTBiMT?&&£l,\7L&o cn5<DS»tttt»$t*, Si5»cDA 
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te<DgJ#cfc^m£MOW< U7c<0 N ZlP<DSS6g|5^6BlT^(DM^(7)g|J53 S: gfte 

10 ^I30A 33c£OT3 0B I3> HTM (D^^X^-SCtTDP^gBI a 

HI30A IC33l^T«s ftfflfflSM ai\cmmn<Dfm&mVTX<L,tt(DT!. m 
3 OB tfcUVCiaU ^§151 bS^lC*<U^ : B(DT?^§ 0 i^n=fex ^ 
SB1 a3:/cte:1 b^^tfi<DgB^c};lO^<^oT^/^S^it>, #lil!9<Dii&liB£BS 

20 V5 r ^7^>^CDlii]DlC^-r§Ct:X) t "eS§ : B(DT!^o i30A, i3 0B^ 
m30C (DM^&mmmT&&lZ£>13:\,\ 0 ^/cs □7 7 CD^^S-^IC'CS§(D 

g|3 0D M«»<DtmT?DPftl)BgB1 dlca®iiaS (tooSi) 
UfciHTJfcSo |^30C tfttiSJ:, tee,*& : feiiUUC£:£3& 
30 ^-TSCt^Tf^So 3:7c, ZlP<D^$^~^C-r§C<t^T!^§(DTx 
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=J^;i/2(D#$ft75lq)XlC^fi[U-C7tttf>1 ^>(D^^\znX^Z\y A t£ 

^3 2AH^3 2E<Di$ra£, ZIP1 (DftMmzmWO. Rtttt&£a>Iy 
SSolS 3 2 3 2E &m 3 OA~H 3 OD \zm \s1tZ\~p 1 (DftiSilClSBXeX 

15 dpi j£Uz}*<)[s2<Dmffim-??&&m4iz3$i,\x\z, dpi^iai" 

ttizmmm<D\8L±L\zi5®imt)mz> 0 
25 ^/c, j^-^o-fisbo^muitmm^yo^mm^ms^ zrp<n 
m^^(D^ii<Dmmm<D/\3y^ff^<. &ic:wmmz&mnTi,\&{zi,\ 

^yvytrzj'Oi&mmTneyi oizmAvraz. mmnrnzm-u^^cD 
mmt>^mizmmxB^>o 
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5 ^tisaftit^ffisiswiErafflwi 2C^^UTs mmm^yi onmmcDm 

t>\ y\OS»^1 4-?CD : BcDlCll^c7)Ji^^UT : &cfc(/^ 

353o C(Dcfco&llB££6WiK;L/2-m, ^33 ICnv-Tcto c^n^ 

ccD^m • sssFgastti 6OT5st* DPico^hD-^ amass 

§iU :7x— JUte-^^AafflfflCBCMTs BI2. H3lC5VrgiS4$ 
!d«£ie(©3<JU§IJ£2SlCUc : &<DT!£«<K ^34, ^13 5X13, H-<Dffl^ 
T!JgfflU£20(DZI-Ol/2a. 2bt, TO^Ds/{71 30BIEtft£4>1)Jkfi-gl 
|g-rSt:tT?2O(0ZI-r^2a. 2blC£/?MA^SIl-tf>ffl2$TOifflU7c2 
25 a, 1 bfcSBSL 2O0)IKJU2 a, 2bte, D71 a, 1 b(D 

laiswoMicfiteTiBB^nTt^. B44c:si'ra- wm±tz2.-D<D^o\, 

□ y{71 3<DttttttMME£flft3. uetfot, m2a, 2b<E>g< 
30 a, 2b(Dtt«« t HI-T?a5S'(D"C, 20<DD-nU2a, 2 b(D$itt£IBel^-lC 
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